Introduction
Information about the specific reactions of plant genotypes to nutritional stress is the first approach to improve the efficiency of plant production under limiting conditions 21. Iron and manganese nutritional disorders are rather common in acid or alkaline soils. Early reports have indicated the existence of a certain Fe-Mn balance for optimum growth 22' 23 but the real importance of the Fe-Mn relationship remains unclear is, and the situation is complicated by the different responses of genotypes to Fe and Mn nutrition. Several authors have pointed out differences in terms of efficiency in iron absorption 6' 24 or in Mn use 20, as well as in tolerance to excess of Fe and Mn nutrient supplies 3'7's'17'2~
The use of metalloenzymes as biochemical markers of plant nutrient status has the advantage of the high sensitivity and specificity of enzymatic analysis 2'9. The activities of the metalloenzymes catalase, peroxidase and superoxide dismutase were found to be related to Fe and Mn supply in soybean 19 and in other species 9, and thus could be used as indicators for the appraisal of Fe and Mn nutrient status.
In the present work, we analyze some metalloenzyme activities from soybean cultivars showing diverse responses to Fe and Mn nutrition in an attempt to characterize the different behaviours of the genotypes on a biochemical basis.
Materials and methods

Plant material
Soybean ( 
Enzyme assays
The first trifoliate leaf, at the second trifoliate stage (14 days old), was sampled for analysis. Catalase was determined polarographically by the oxygen electrode method ~~ peroxidase was estimated using o-dianisidine as H-donor H and superoxide dismutase by a photochemical method ~6. Mn-superoxide dismutase isozyme (Mn-SOD) was differentiated from total superoxide dismutase (Total-SOD) by performing the activity assay in the presence and in the absence of 1 mM NaCN.
Other determinations
Dry weight of the plant material was determined after 48 h in a forced draft oven at 70~ Tissue Fe and Mn were determined by atomic absorption spectrophotometry.
Experimental design
A factorial design (3 Mn • 3 Fe levels) with three replications was used. enzyme as a functional indicator of the Fe involvement in plant metabolism processes 9'~. We could not observe a relationship between the leaf Fe concentration (Table 2 ) and the catalase activity whereas Mn concentration (Table 3 ) was correlated to the enzyme in Bragg (correlation (Fig. 1) .
Results and discussion
Symptoms
Manganese stress (deficiency or toxicity) increased peroxidase activity (Fig. 2) The correlation studies showed positive coefficients between Total-SOD and peroxidase activities in Bragg (r = 0.705***) and Forrest (r = 0.422*). A negative correlation was found between catalase and Mn-SOD activity in Lee (r = -0.403"), or catalase and Total-SOD activity in T-203 (r = -0.406*). Only in Lee cultivars's could a positive relation between catalase and peroxidase activities be registered (r = 0.625***).
The enzymes studied, all involved in oxygen metabolism, were affected in different ways by treatment in the cultivars. The conditions of deficiency and toxicity of each metal could generate stress situations by inducing the production of oxygen free radicals t4. Active oxygen species such as metal-oxygen complexes could also be formed in certain biochemical systems from iron, copper and manganese 25. Brown and Devine 4 indicated that the form of Mn (Mn 4 § or Mn 2 § inside the plant might be a controlling factor of Mn tolerance. However, considering our results, other factors could be involved. Whether the behaviour of soybean genotypes under metallic stresses could be related to the particular induction of protective enzymes (genetically coded) or to differential metabolic production of toxic radicals are problems that remain to be clarified in the future.
